Background: Efavirenz is part of the first-line treatment for HIV patients including South Africa with approximately 50% experiencing neuropsychiatric side effects. Objective: Systematic review of papers reporting neuropsychiatric side effects with efavirenz published between January 2001 and December 2014 to provide guidance. Results: 13 articles were reviewed. Patient ages ranged between 37 to 41 years, with a high percentage males. Scales used to measure incidence and severity of side effects were varied; with disease severity or stage not reported. Patients with psychoses were excluded. Most commonly reported side effects were a reduction in sleep quality, depression, dizziness and anxiety. These were generally mild and not warranting discontinuation of efavirenz. Conclusion: Difficult to directly compare the studies. Standardised methods need to be introduced and all patient groups represented including the elderly, children, patients with active symptomatic illness and more women especially among the African population.
Introduction
Efavirenz is part of the first-line treatment for human immune-deficiency virus (HIV) in countries such as South Africa 1 . It is used as part of triple therapy involving three separate drugs as well as fixed-dose combinations. However, it has been shown in published studies that almost half of the patients initiated on efavirenz will experience some form of neuropsychiatric side-effect 2, 3 . These side effects are said to occur most commonly within the first few days of treatment and resolve within the first four to six weeks of treatment 4 . However, it has been found that such symptoms may persist longer than initially thought [5] [6] [7] . The symptoms may persist for up to two years after initiation, although they may not be severe enough to warrant the discontinuation of efavirenz 6 . The aim of this review was to provide an overview of the neuropsychiatric side effects caused by efavirenz in order to determine the severity as well as their use in particular patient populations including, psychiatric patients, to provide future guidance.
Methods
We undertook a systematic review of studies concerning HIV-positive patients on efavirenz reporting experiencing neuropsychiatric side effects. All primary studies published from January 2001 to December 2014 were included.
The inclusion criteria were that patients had to be over the age of 18 years who were HIV positive, the study had to follow patients who were using efavirenz either short term or long term and could be retrospective, prospective, cross-sectional or comparison studies. The primary outcome must indicate the incidence of neuropsychiatric side effects with a secondary outcome being the number of discontinuations due to these side effects. The electronic databases searched included; Biomed Central, EBSCOhost, Emerald, ISI web of knowledge, JSTOR, PubMed Central, SAGE, ScienceDirect and SpringerLink. The search terms used were; efavirenz, HIV-positive, neuropsychiatric, side effects, to find primary studies. A broad search was done initially using the keywords efavirenz, HIV-positive and side effects. The keywords were then refined (efavirenz, HIV, neuropsychiatric side effects) to identify more specific studies. Articles that contained these keywords in the title or abstract were extracted and their relevance was determined. Review articles as well as those including children under the age of 18 years and patients with co-morbidities were excluded.
Those that were considered relevant were read in entirety by the principal researcher (RG) to determine potential inclusion. The articles included and excluded are outlined in Figure 1 . The search was limited to English language full-text articles published in journals accessible via the Nelson Mandela Metropolitan University database. Records after duplicates removed (n=722)
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Results
 Overview of studies
Of the studies analysed, two were randomised controlled trials, one was double-blind, but not randomised, four were cross-sectional cohort studies, four were prospective cohorts, one a retrospective analysis and another a longitudinal study. Four studies randomised patients to either efavirenz or another regimen. The other studies included patients who were already receiving efavirenz or a different regimen and were compared against each other. Five of the studies were conducted in Europe (Spain and France), four in the United States of America (USA) and one each in Australia, South Africa and the United Kingdom. Details of the studies are summarised in Table 1 .
Insert Table 1 
Patient populations
Patients were recruited mostly from outpatient clinics (five studies). Two of the studies were a subset of a larger clinical trial. One study made use of a workplace HIV-programme to recruit patients and another recruited patients from the investigators' private practices. The studies all showed the patient population being at least 70% male with some studies showing as high as 90% male dominance. The average age of the patients across all of the studies was 37 years to 41 years old.
The inclusion criteria varied widely between studies. All participants had to be aged 18 years or older, however, the duration of efavirenz therapy varied from initiation up to at least one year of therapy. Fumaz and colleagues 6 were considering the long-term side effects experienced with efavirenz and stated that the patient had to be on an efavirenz-containing regimen for at least one year in order to be included. Clifford and colleagues 3 followed consenting patients for 184 weeks after being randomised to efavirenz. Other studies were considering the immediate effects and focused on patients who had just been initiated on efavirenz or were using efavirenz for three to six months.
The standard dose of efavirenz is 600mg daily generally taken at bedtime 9 . Only four studies explicitly stated the dose of efavirenz being received by the patients. One study made use of three 200mg tablets that had to be taken together at bedtime while others made use of single 600mg tablets and one study 4 randomised patients to stepped dose of efavirenz or efavirenz 600mg daily. Although the standard dose of efavirenz is 600mg daily, it is dosed based on the weight of the patient. Patients weighing less than 40kg receive 400mg of efavirenz at bedtime as opposed to 600mg, which may impact on the incidence and/or the severity of side effects experienced.
 Measuring protocols
In terms of the instruments used to measure the neuropsychiatric side effects caused by efavirenz, there was some diversity. The instruments used are summarised in Table 2 . The only common scales were the Symptom Checklist-90-Revised (SCL-90-R) and the Medical Outcome Study for HIV-positive patients (MOS-HIV) scale which were used by two studies.
Seven of the studies used clinicians to interview participants concerning side effects, whereas four studies allowed patients to answer questionnaires themselves. The exception was the study conducted by Fumaz and colleagues 6 who used a combination of both. Further details are provided in Table 2 .
Insert Table 2  Side-effects
The most commonly reported side-effects included sleep quality (nine studies), depression (eight studies), dizziness (seven studies) and anxiety (seven studies). Some other notable problems reported included impaired concentration (five studies), abnormal dreams (four studies) and light-headedness (four studies). More serious side-effects such as suicidal ideation and paranoia were each reported just once. Studies tend to demonstrate that the symptoms are prominent in the first few weeks of therapy and then decline in severity, with the exception of the study by Fumaz and colleagues 6 who showed that symptoms may persist for up to a mean of two years. Several studies 7, 9, 11, 12 also suggested that side-effects can persist for up to one year after the initiation of efavirenz and recommend that patient monitoring continue past the first few weeks of therapy. Hawkins and colleagues 7 showed that the side effects of efavirenz can persist up to a year after the initiation of treatment. However, the side effects present after one year of therapy are not severe and are tolerated by patients. Gutierrez and colleagues 12 showed that patients who discontinued efavirenz were using the mediation for a range of 16 months to 34 months. Detailed information is provided in Table 3 . The package insert of efavirenz does mention that the drug can cause neuropsychiatric side effects; however, the incidence is stated as rare and includes only anxiety, apathy, emotional lability, euphoria, hallucinations and depression 8 .
Insert Table 3  Severity of side-effects
The severity of the side-effects was recorded by five studies. Different scales were used to evaluate severity. Gutierrez 10 used the Depression Anxiety and Stress Scale (DASS) to measure the severity of anxiety, depression and stress. Gutierrez-Valencia and colleagues 4 did not state which scale was used to evaluate the severity of the side-effects.
Almost all of the studies reported patients discontinuing efavirenz treatment due to intolerable NPSEs; however, this occurred in the minority of patients. Generally though patients experienced mild symptoms as expressed by the various scales. However, it is worthy to note that some patients may experience intolerable side effects and require the discontinuation of efavirenz. Nelson and colleagues 14 divided side effects caused by efavirenz into neurological and psychiatric. A total of 33.4% of patients on efavirenz were reported to have demonstrated at least one grade one to four neurologic side effect and 39% of patients using efavirenz reported at least one grade one to four psychiatric side effect. In both cases, these values were higher when compared to the group of patients receiving etravirine (20.2% neurologic side effect and 11% psychiatric side effects). Rihs and colleagues 10 demonstrated that patients prescribed efavirenz had experienced severe to extremely severe anxiety, depression and stress, although they were all small groups of patients. Gutierrez-Valencia and colleagues 3 separated patients into a stepped dose and a full dose efavirenz group and explored a variety of side effects. They reported a higher number of patients (n = 6) from the full dose group experiencing severe side-effects at day 30 of the follow-up compared to the stepped dose group (n = 2).
The studies all showed that these side effects were transient in nature and not severe enough to warrant the discontinuation of efavirenz in the majority of patients. However, if the sideeffects persist, as shown by Fumaz 6 , Hawkins 7 , Rihs 10 and Leutscher 11 , patient adherence to efavirenz may decline even if the side effects are mild or moderate in severity.
Discussion
Due to the varied nature of the measuring instruments used, it is difficult to directly compare these trials in a systematic review. However, in spite of the varying nature of these studies, there are some common findings. All published studies included in the review showed that the side effects caused by efavirenz can be tolerated by most patients and that these side effects tend to be transient in nature. There has not been any significant evidence of efavirenz causing suicidal ideation or paranoia in patients. In fact, a study by Napoli 18 and colleagues employed a technique to identify associations between drugs and adverse reactions. The results showed that efavirenz was not associated with an increased risk of suicidality.
Similarly, a study conducted by Smith and colleagues 19 showed that there was no higher rate of completed suicide in patients using efavirenz. However, Mollan and colleagues 20 found that there is an increased risk of idealised, attempted, or completed suicide with efavirenz. Only one of the studies focused on in this review mentions suicide. This means that this particular side effect was not detected or not significant amongst the participants of the other studies. The neuropsychiatric symptoms have, however, been shown to persist for several years after the initiation of therapy and appropriate caution should therefore be taken. Continuing patient monitoring and counselling needs to be conducted in order to identify late-emergent side-effects.
Patients with a history of psychoses, active psychoses or depression were included in only one study 21 . Blanch and colleagues 21 referred participating patients to be interviewed by a psychiatrist. It was found that only 54.8% of their patients had a psychiatric disorder, but 83.9% reported at least one psychiatric symptom at baseline, 71% reported some form of psychiatric symptom after the initiation of efavirenz and 13% dropped out of the study due to psychiatric side effects. The package insert of efavirenz does not state that efavirenz is contraindicated in patients with a psychiatric disorder 8 . As mentioned, the South African National consolidated Guidelines 1 state that an alternative may be used in place of efavirenz where the patient has significant psychiatric co-morbidity. However, the CD4 count has an impact on the alternative chosen. If a female patient has a CD4 count of less than 250 and a male patient has a CD4 count of less than 400, nevirapine may be used as an alternative. If the CD4 count of the female patient is equal to or more than 250 and the male patient has a CD4 count of 400 or more, the lopinavir/ritonavir combination should be used instead. It must be remembered that nevirapine has the potential to cause significant hepatotoxicity as well as skin abnormalities 20 . However, there are significant drug interactions between ritonavir and psychotropic drugs such as clozapine, carbamazepine and sedatives and hypnotics such as diazepam, midazolam and zolpidem 21 . Also of note, a retrospective analysis that compared a large group of patients receiving efavirenz to a large group of patients receiving nevirapine showed that there were no significant differences between them in terms of treatment withdrawal. This further supports the idea that the neuropsychiatric side effects caused by efavirenz are not severe enough to warrant its discontinuation in the majority of patients 24 .
Even though efavirenz is no longer used as part of the first line treatment in the United States of America 25 or the United Kingdom 26 , it still forms part of the treatment backbone in South Africa which has the largest HIV epidemic in the world 27 . Several other countries in Africa with an HIV prevalence of more than 10% use efavirenz as part of the recommended first line treatment of naïve patients 27 . Agents used as first line treatment in the United States of America and the United Kingdom are reserved for second or third line use in the African countries mentioned below. This demonstrates the importance of a thorough understanding of efavirenz as is it still widely used in developing countries. The various regimens are summarised in Table 4 . 25 acknowledge that efavirenz causes a myriad of neuropsychiatric side-effects (NPSEs), some of which may be severe, but do not state that efavirenz should not be given to such patients or that therapy should be switched to an alternative agent. The HIV Treatment Guidelines of Swaziland 32 suggest that patients with mental illness, even such severe conditions such as schizophrenia or schizoaffective disorder, should not be discriminated against in terms of antiretroviral treatment (ART). These patients should be assessed individually and appropriate decisions made using the screening tools provided in the Guideline. The Guidelines of Swaziland 32 also warn that efavirenz is associated with mental health disturbances such as bad dreams and being in an altered state of mind, thus patients should be encouraged to take efavirenz before bedtime.
There have been suggestions that the plasma level of efavirenz may be a risk factor for the development of neuropsychiatric side effects; however, there has not been a consensus concerning the threshold concentration 12, 34 . Given that studies have shown that genetic variations, particularly of the enzyme CYP2B6, in patients affect the plasma levels of efavirenz 9, 35 , studies need to be conducted in a broader range of countries to determine region-specific guidelines for efavirenz dosing. These polymorphisms have been shown to be more common in patients of African descent and such patients should be monitored more closely as they are more likely to experience higher plasma levels of efavirenz and be susceptible to neuropsychiatric side effects 35 . This is particularly important as only one of the studies included patients from South Africa 13 . This indicates that there is a need for further safety and pharmacovigilance studies in Africa to determine the clinical importance of this variation. This is endorsed by recent reports which showed that a nevirapine safety signal was detected in Namibia using their adverse reporting database -VigiFlow ® -after shifting the initiation of nevirapine to patients with higher CD4 counts than previously recommended. This resulted in the Ministry of Health in Namibia halting this move and returning to the previous recommendations 36 . This is important as the majority of people with HIV live in low-and middle-income countries, particularly sub-Saharan Africa, and HIV disproportionately affects young women in these countries 37, 38 . This compares with the high proportion of men in the published studies from Europe and the USA.
All of the studies included in this review had a majority male population and there was an average age range of 37 to 41 years. This implies a knowledge gap in special populations such as older patients, paediatrics and patients with a psychiatric illness as these factors will impact the treatment chosen. Such patients need to be included in studies in addition to including more women and patients in Africa in order to obtain a complete picture and representative sample. Consequently, it is difficult to provide additional guidance on the use of EFV especially in patients in Africa apart from that already documented.
None of the studies indicated the WHO stage of HIV. However, this has not been considered as a possible risk factor in the development of neuropsychiatric side effects of efavirenz. Determining risk factors for side-effects may assist with discerning possible causes of the problem. The location and sample population has also shown to be of importance in studies concerning efavirenz and has to be taken into account when generalising results.
Limitations
There were only small numbers of female patients in the studies compared to males, with only limited follow-up. In addition, since only one of the studies was conducted in an Africa setting, the results may not be generalisable to all countries and settings due to the varied nature of efavirenz metabolism in patients of African descent. We are also aware that the methodologies of the included studies are varied and do not allow for direct comparisons and that the small number of studies sourced due to our strict methodology, which limited included studies to English language full-text articles published in journals accessible via the Nelson Mandela Metropolitan University database, does serve as a limitation to this study. However, we do not believe that the inclusion of more studies would have significantly altered the conclusions of our findings.
Conclusion
Standardised methods for measuring outcomes need to be determined. Similar studies need to be conducted in more countries to represent the various populations and their differences across continents. In the studies included in this systematic review, the neuropsychiatric side effects of efavirenz do not appear severe enough to warrant discontinuation of the medication, even if they may persist longer or emerge later than initially thought. Continuous pharmacovigilance, adherence counselling and support is important to these, and other patients, as efavirenz will form part of a lifelong regimen.
Key messages
 The neuropsychiatric side effects caused by efavirenz may persist longer than the first four to six weeks of treatment as initially thought  These side effects are not generally severe enough to warrant the discontinuation of efavirenz  Older patients, paediatric patients and patients with active symptomatic mental illness need to be included in studies to obtain a representative sample. Similarly for Africa there needs to be more women included in studies monitoring the side-effects of treatments for HIV  Patients need to be provided with continuous adherence education to enhance the effectiveness of treatment
Expert commentary
HIV is a multifaceted condition, particularly among African regions where often patients need to make the choice between food and medication. Providing patients with medication that is effective, would cause limited side-effects and is simple to take is the aim of any healthcare programme. The introduction of the fixed dose combination has improved adherence to ART. The systematic review confirmed that efavirenz (EFV) does cause neuropsychiatric side effects in an appreciable number of patients, which include changes in sleep quality, dizziness, anxiety and depression; however, the side-effects seen are generally mild and do not typically warrant discontinuation. They can though be severe in some patients, leading to discontinuation and switching to other treatments. Having said this, currently efavirenz forms a major part of HIV treatment in sub-Saharan Africa, which is likely to remain. Its utilisation would even appreciably increase in South Africa if the 'test and treat' option, i.e. if a patient tests HIV-positive, ART is started regardless of the CD4 count, was introduced, which South Africa is currently considering as a future treatment strategy. The situation in Southern Africa enhances the argument that efavirenz is still a medicine that requires more understanding among different African settings, given the likely increases in its utilisation as well as concerns with the make-up and the different genetic variations between HIV populations in Africa versus Western countries. In the meantime, patients will need to be appropriately screened before initiating efavirenz. They will also need to be continuously monitored for side effects and current adherence given the prevalence of side-effects with EFV.
Five-year view
Africa has the highest burden of HIV in the world. Given the various social aspects contributing to the spread of the disease, it is unlikely that this situation will change significantly over the next five years. The cost of medication will become even more of a determining factor in treatment decision-making. Adherence to treatment currently is, and will always be, a concern in patients expected to take lifelong treatment. Advances in medicine may result in a vaccine against HIV being developed and rolled out over the next five years. There may also be improvements in technology, leading to resistance testing in all patients testing HIV-positive before being initiated on treatment. However, for these advances to be implemented in countries with high HIV burden and limited resources, cost will be continue to a major factor leading to continued use of treatments such as EFV. It is hoped that more studies are conducted among HIV patients in Africa given the different patient patterns to Western countries and different genetic variations. This will help to further guide treatment choices.
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The authors have no conflict of interest to disclose. No funding was received for this study. Depression, anxiety, dizziness, light-headedness, feeling disengaged from reality. There were nine patients who dropped out of the study, four of whom did so due to intolerable NPSEs. Efavirenz was effective in decreasing viral load and improved the psychological distress level. Patients who maintained efavirenz treatment showed a decrease in interpersonal sensitivity during the first four weeks and a decrease in depression up to the first three months. The study found no association between NPSEs and personal psychiatric history.
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The significant increase in the NPSEs seen during the first week of treatment declined towards baseline levels during the study, but remained higher than baseline levels at the final visit. These side effects were not significantly associated with efavirenz trough levels measured at the final visit. Changes in the global sleep score over the study were not significant although the 'bad dreams' question detected a mean increase after 184 weeks. There was a statistically significant decrease in depression symptoms over the course of the study. The symptoms of anxiety increased by a median of four points as measured by the State Anxiety Index. There were 31 patients who discontinued treatment, 11 did so due to NPSEs.
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